Production of human migration inhibitory factor by lymphocytes exposed to antigen was studied at intervals over a 7-day period. Migration inhibitory factor was measured by an agarose gel method, with buffycoat leukocytes as indicator cells. Lymphocyte supernatants from 7-day cultures consistently showed migration inhibitory factor activity; by contrast, enhancement of migration was frequently noted when eflector cells were exposed to supernatants from 2-to 5-day cultures. Enhancement activity was manifested either by enhanced migration or by a sequential reduction in inhibitory activity consistent with a factor opposing the action of migration inhibitory factor. When supernatants were subjected to polyacrylamide gel electrophoresis, enhancement activity was regularly found in the beta-globulin region and migration inhibitory factor in the albumin fraction of the gel. The enhancement activity was heat-stable and nondialyzable. These findings characterize a hitherto unreported lymphokine, migration enhancement factor. Sensitized lymphocytes exposed to specific antigen produce a number of humoral mediators or lymphokines, including migration inhibitory factor (MIIF). M1IF, a substance that inhibits the migration of phagocytic cells, has been studied extensively and appears to be an in vitro correlate of the delayed hypersensitivity response (1-3). On occasion, however, enhancement of migration rather than the anticipated inhibition has been observed in MIF test systems (4). Although attempts to consistently reproduce this phenomenon have been unsuccessful, certain studies have suggested that the appearance of enhanced migration may be related to the presence of minute concentrations of antigen (4). This enhancement phenomenon has not been further defined, but its presence is believed to represent antigen stimulation of sensitized lymphocytes. A factor that might be responsible for enhanced migration has, however, not been isolated from lymphocyte supernatants.
Sensitized lymphocytes exposed to specific antigen produce a number of humoral mediators or lymphokines, including migration inhibitory factor (MIIF). M1IF, a substance that inhibits the migration of phagocytic cells, has been studied extensively and appears to be an in vitro correlate of the delayed hypersensitivity response (1-3). On occasion, however, enhancement of migration rather than the anticipated inhibition has been observed in MIF test systems (4) . Although attempts to consistently reproduce this phenomenon have been unsuccessful, certain studies have suggested that the appearance of enhanced migration may be related to the presence of minute concentrations of antigen (4) . This enhancement phenomenon has not been further defined, but its presence is believed to represent antigen stimulation of sensitized lymphocytes. A factor that might be responsible for enhanced migration has, however, not been isolated from lymphocyte supernatants.
In this study, production of MIIF by lymphocytes exposed to antigen was measured at intervals over a 7-day period. The lymphocyte supernatants consistently demonstrated the presence of an activity that competed with MIIF and that enhanced migration. When lymphocyte supernatants were subjected to polyacrylamide gel electrophoresis, enhancement activity was detected in the beta-globulin region, whereas MIIF was consistently found in the albumin region of the gel.
These findings characterize a hitherto unreported lymphokine, migration enhancement factor (i\IEF). Lymphocyte Separation and Culture Techniques. Lymphocytes were isolated from human peripheral blood as described (5) . After the cells were washed with Hanks' buffered salt solution (BSS), lymphocytes were cultured in the presence and absence of PPD (250 tuberculin units per ml) or coccidioidin (0.1 ml of a 1:1000 dilution per ml) as follows: one million lymphocytes were cultured for 7 days at 370 in 12 X 75-mm polypropylene tubes containing 1 ml of Medium 199 with 25 mMI Hepes (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer and 2.2 g of NaHCO3/liter (Grand Island Biological Co., Berkeley, Calif.), 10% horse serum, penicillin (100 units/ml), and streptomycin (100,4g/ml). After 7 days the tubes were centrifuged for 10 min at 2000 X g and the supernatants were decanted. Cells were viable at 7 days, as determined by trypan blue exclusion. After termination of the cultures, nonstimulated, i.e. antigen-free, supernatants were reconstituted with the same concentration of antigen that was used in the stimulated cultures. (S.N.), separate cultures were incubated with 250 and 500 tuberculin units per ml. Multiple cultures were prepared on each subject, thereby permitting single cultures to be terminated and the supernatants to be recovered at different intervals. In the initial experiments, supernatants were obtained at 24 hr and on days 2, 3, 4, 5, and 7. In subsequent experiments, single cultures were terminated at 1 hr, 6 hr, 18 hr, and on days 2, 3, 4, 5, and 7. Supernatants were tested for MIF activity in the agarose gel system. To ascertain the reproducibility of MIF production and detection in multiple supernatants, we collected triplicate cultures from a PPDsensitive subject and from a PPD-nonsensitive subject at day 7 and assayed simultaneously for MIF activity.
Polyacrylamide Gel Electrophoresis Studies. Lymphocytes were isolated from three subjects who gave positive PPD skin tests and from one subject (W.P.) who gave positive skin tests to both PPD and coccidioidin. Cells were cultured in the presence and absence of PPD for 7 days; in W.P., lymphocytes were also cultured with and without coccidioidin for 7 days. Lymphocytes from one of the PPD-sensitive subjects (R.O.) were also cultured in the presence and absence of PPD for 1 hr. The resultant supernatants were collected and subjected to polyacrylamide gel electrophoresis as described by Remold (8) except that riboflavin (0.4 mg) and bis-acrylamide (0.5 g/100 ml) (upper gel) were used. Glass tubes of identical size, 0.5 X 9.0 cm, served as gel-containing columns. The gel consisted of three parts: the running gel consisted of 1.3 ml of gel solution, the spacer gel of 0.3 ml, and the sample gel of 0.1 ml. After gel polymerization, 50,gl of nonstimulated and 50 gl of the PPD-or coccidioidin-stimulated supernatants were layered onto separate gel columns and subjected to 16 electrophoresis simultaneously. A third gel containing Medium 199 and 10% horse serum was used as a control and stained with amido black. A current of 2.0 mA per column was applied for 90 min. Gels were sectioned into equal portions; section A contained albumin, section B contained the beta-globulins, and section C the gamma globulins. Gels were eluted at 4°by electrophoresis (8) , and the eluates were dialyzed in dialysis tubing (24-A pore size) for 24 hr at 4°against three changes of Hanks' BSS. The volume of eluate was adjusted to 0.3 ml with Hanks' BSS and stored at -20°until assayed in the agarose system.
Properties of Activities Within Eluates. Selected eluates were subjected to 560 for 30 min and/or to extensive dialysis for 24 hr and retested in the agarose system. The activities of certain eluates were again assayed after storage at -20°for periods up to 10 months.
RESULTS
Time-course studies (1 hr to 7 days) on MIF production Lymphocyte supernatants studied at intervals between 1 hr and 7 days in four subjects with negative PPD skin tests produced no significant alteration of migration. The timecourse studies on two of these subjects are depicted in Fig. 1 ; the remaining two individuals showed similar results. Lymphocyte supernatants from seven PPD-sensitive individuals showed several different patterns of response. In three subjects, enhancement of migration was initially observed between 1 hr and 2 days with peak enhancement migration indexes of 1.18 i 0.07 (P < 0.05) (P.B.), 1.20 ± 0.04 (P < 0.01) (R.O.), and 1.09 i 0.03 (P < 0.05) (G.D.). Inhibition of migration followed between 2 and 4 days with MI of 0.80 i 0.05 (P < 0.02) (P.B.), 0.87 + 0.05 (P < 0.01) (R.O.), and 0.55 ± 0.02 (P < 0.001) (G.D.). In two of these subjects (R.O. and G.D.) there ensued a period of decreasing inhibition at days 4 or 5 with MI of 1.00 ± 0.00 (R.O.) and 1.00 i 0.00 (G.D.), but all subjects showed significant inhibition at day 7 with MI of 0.71 + 0.00 (P < 0.001) (P.B.), 0.63 + 0.04 (P < 0.001) (R.O.), and 0.55 +4 0.02 (P < 0.001) (G.D.). Fig. 2 shows the results of the sequence studies on P.B. and R.O. G.D. gave results similar to those of R.O. except that the 1-hr supernatant did not alter migration (1II of 1.00 ± 0.04). In three other individuals with positive skin tests, inhibition of migration was the initial response between 18 and 24 hr with MI of 0.57 + 0.03 (P < 0.001) (E.S.), 0.68 + 0.00 (P < 0.001) (S.N.), and 0.69 + 0.04 (P < 0.001) (L.P.). This was followed by decreasing inhibition between 2 and 5 days with MI of 0.86 + 0.00 (P < 0.001) (E.S.), 1.00 i 0.00 (S.N.), and 1.00 i 0.04 (L.P.). Inhibition of migration increased again by 7 days with MI of 0.57 + 0.00 (P < 0.001) (E.S.), 0.78 ± 0.00 (P < 0.001) (S.N.), and 0.72 + 0.03 (P < 0.001) (L.P.). Fig. 3 shows the results for E.S. and S.N.; L.P. gave results intermediate between those of E.S. and S.N. The 1-hr and 6-hr results for L.P. showed no significant alteration of migration with MII of 0.97 + 0.05 and 0.95 + 0.04, respectively. The 18-hr sample gave an MI of 0.77 ± 0.04 (P < 0.01). In one PPD-sensitive subject (D.C.) no significant alteration of migration was evident from 1 hr to 2 days. Inhibition of migration appeared at day 3 with MI of 0.86 i 0.02 (P < 0.05) and was greatest at day 7 with ATI of 0.81 + 0.04 (P < 0.01). Thus, the whole supernatants of six of the seven PPD-sensitive subjects appeared to show enhancement of migration at certain times over a 7-day course. Enhancement was manifested either as a MI of significantly greater than 1.00 or as a sequential diminution in inhibitory activity consistent with the presence of a factor opposing the action of -MIF. Lymphocytes from a subject sensitive to purified protein derivative were cultured with and without antigen for 7 days. Lymphocyte supernatants were collected and subjected to polyacrylamide gel electrophoresis. Gels were divided into three equal portions (A, B, end C) and eluates were obtained from each section. Eluates were assayed in the agarose gel method.
The MI of triplicate supernatants from a PPD-sensitive individual (S.N.) at 7 days were: 0.82 + 0.04 (P < 0.01), 0.78 i 0.00 (P < 0.001), and 0.83 i 0.03 (P < 0.01). The MI of triplicate supernatants from a PPD-insensitive individual showed no significant alteration of migration. The results, which do not differ significantly from one another, demonstrate the reproducibility of both the 'MIF production in multiple cultures and the agarose system. MIoreover, in one subject (S.N.), time-course studies performed on separate cultures with 250 and 500,gg/ml of PPD showed comparable results.
Polyacrylamide Gel Studies. Supernatants obtained at 7 days from the cultures of four PPD-sensitive individuals and one coccidioidin-sensitive individual were subjected to gel electrophoresis (Fig. 4) . In all but one instance, enhancement activity was detected in the eluates obtained from the beta-globulin portion of the gels. The single exception was the supernatants from 1-hr and 7-day cultures of subject R.O.; enhancement activity was found in the gamma globulin fraction when these supernatants were subjected to polyacrylamide gel electrophoresis. The MI in response to PPD were 1.38 + 0.06 (P < 0.001) (D.F.), 1.30 + 0.10 (P < 0.02) (W.P.), 1.32 i 0.09 (P < 0.01) (R.O.), and 1.47 i 0.06 (P < 0.001) (D.C.). Enhancement activity was detected in the eluate from the 7-day supernatant of subject D.C., the only individual whose time-course study failed to show the presence of this activity. In response to coccidioidin, the eluate from the supernatant of subject W.P. gave an MI of 1.16 + )0.07 (P < 0.05). MIF, produced in response to PPD, was uniformly found in the eluates from the albumin section of the gels. The MI were 0.58 i 0.03 (P < 0.001) (D.F.), 0.74 i 0.04 (P < 0.01) (W.P.), 0.81 + 0.05 (P < 0.02) (R.O.), and 0.89 + 0.05 (P < 0.05) (D.C.). MIF produced in response to coccidioidin also migrated to the albumin portion of the gel (MI 0.77 ± 0.06, P < 0.02). In one of these subjects (R.O.), a supernatant obtained at 1 hr was subjected to electrophoresis and enhancement activity was eluted from the gamma globulin region of the gel with a MI of 1.21 + 0.04 (P < 0.01); however, no 1\IIF activity was uncovered in the albumin fraction (.MII of 1.00 + 0.05). The 7-day supernatant from R.O. showed enhancement activity in the gamma globulin eluate with a MI of 1.32 + 0.09 (P < 0.01) and MIF in the albumin region with a MI of 0.81 + 0.05 (P < 0.05).
Other Properties of Eluates with Enhancement Activity. In two subjects (D.C. and W.P.), selected eluates with enhancement activity were tested before and after heating at 560 for 30 min. Before heating, the MI were 1.19 + 0.05 (P < 0.01) and 1.19 ± 0.04 (P < 0.01), respectively. After heating, the MI were 1.23 + 0.06 (P < 0.01) and 1.25 + 0.05 (P < 0.01), respectively. No significant alteration of the enhanced response resulted from heating at 560 for 30 min.
The MI for five eluates from polyacrylamide gels are listed in the section on polyacrylamide gel studies; all showed significant enhancement of migration. Each (6) , it was shown that discrimination between PPD-sensitive and -nonsensitive individuals was maximized by assaying the supernatants from 7-day lymphocyte cultures. By contrast, in most methods described for the detection of MIF, supernatants are assayed from 1-to 3-day cultures (1, 9). These contrasting findings prompted the investigation of the timecourse of MIF production and release. In the present report, lymphocytes were cultured with antigen for periods of 1 hr to 7 days and the supernatants were tested in the agarose system.
The results indicated that MIEF appeared to be produced as early as 1 hr and that MEF activity seemed to peak between Both MIIF and 'MEF were consistently present and distinguishable by polyacrylamide gel electrophoresis of 7-day culture supernatants. In subject R.O., the 1-hr supernatant, which induced enhanced migration, yielded only MIEF but not 'MIF on polyacrylamide gel electrophoresis; the 7-day supernatant, which lproduced inhibition of migration, contained both 'MIF and 'MEF when studied by gel electrophoresis. MEF recovered from the 1-hr and 7-day supernatants al)peared in the same fraction of the gel. These findings support the contention that the alteration in the MNI1 observed from 1 hr to 7 days resulted from the opposing action of two distinct lymphokines.
Considerable controversy exists regarding the reproducibility of various methods currently used to detect -MIF.
Mloreover, enhancement of migration is occasionally observed instead of the anticipated inhibition. The data presented here tend to explain the variability inherent in the various MIF assays and to account for the appearance of enhanced migration on occasion instead of inhibition of migration. It would appear that production of _MEF like 'MIF is the result of lymphocyte stimulation by specific antigen. (1974) individual appeared to lose all enhancement activity. In con-
